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Introduction
Echinoids from the Sergipe-Alagoas Basin have been studied for over one hundred years since WHITE (1887) described the first specimens from Sergipe. MAURY (1925) identified numerous new species for the Albian-Turonian sequence, while BRITO and RAMIREZ (1974) and BRITO (1980 BRITO ( , 1981a BRITO ( , 1981b BRITO ( , 1981c reviewed and reassigned many species from this basin. SMITH (in SMITH & BENGTSON, 1991) published a detailed taxonomic review of Albian-Coniacian echinoids from north east Brazil, including those from Sergipe. MANSO (2003 , 2014 , MANSO and SOUZA-LIMA (2003a , 2003b , 2005 , MANSO and ANDRADE (2008) , and MANSO and LEMOS (2008) studied echinoids mainly from the Aptian-Albian sequence, and established new stratigraphic distributions, recorded new occurrences and erected new species.
A recent study of echinoids of the genus Mecaster from the Sergipe-Alagoas Basin housed in the Fundação Paleontológica Phoenix collections (Aracaju, Sergipe, Brazil) has resulted in the re-cognition of some species whose apical system supports their confident assignment to Mecaster texanus (ROEMER, 1849) , a species previously unknown from this part of Brazil. This new record for the Turonian-Coniacian sequence of the Sergipe-Alagoas Basin is discussed in the present paper, which also focuses on its ontogeny and palaeoenviromental distribution.
Geological setting
The Sergipe-Alagoas Basin, located in the coastal region of the states of Sergipe and Alagoas in northeast Brazil (Fig. 1) , features one of the most complete outcrops of Cretaceous sedimentary sequences on either side of the South Atlantic. Its Aptian-Coniacian sequence records a broad carbonate platform that developed in response to a marine ingression that culminated with the establishment of the South Atlantic Ocean during the breakup of Gondwana from the Early Cretaceous onwards. The Aptian-Albian Riachuelo Formation represents deposition on a shallow, mixed siliciclastic-carbonate platform. The Cenomanian-Coniacian Cotinguiba Formation documents the drowning of the previous platform, currently recorded by deeper facies, as subsequent tilt of the basin led to erosion of the shallower portions of this sequence (SOUZA-LIMA, 2006).
The material studied comes from the uppermost portion of the Cotinguiba Formation, which is dated as Turonian-Coniacian on the basis of abundant ammonites from throughout the section (BENGTSON, 1983) (Fig. 2) .
Material and methods
The specimens studied are housed in the fossil echinoderm collections of the Fundação Paleontológica Phoenix (FPH), Aracaju (Sergipe, Brazil) . For identification of the taxon studied, a series of biometric analyses of tests were performed: L = test length; W = test width; H = test height; ppaIII = number of differentiated pore-pairs in the ambulacrum III, Lapp = length of anterior paired petals; Lppp = length of posterior paired petals (Fig. 3) .
The locality description follows the pattern adopted by BENGTSON (1983, pp. 30-31) for the Sergipe-Alagoas Basin, Brazil. The co-ordinates were obtained from the Córrego Alegre datum and rounded off to the nearest 50 metres. UTM co-ordinates are referenced to the central 39° meridian. The code after the location identifies the outcrop on the map (Fig. 4) . Kcsp = Cotinguiba Formation, Sapucari Member Diagnosis: The peristome is small and surrounded by a well-marked lip. Naked pouches in the interambulacral regions adjacent to the peristome. The apical disc is very elongate, and the madreporite is large and strongly separates the posterior ocular plates (modified from SMITH in SMITH & BENGTSON, 1991).
Mecaster from the Sergipe-Alagoas Basin
Description (based on FPH-1890-I): test longer than wide, measuring 26.7 mm in length, 25,0 mm in width and 17.5 mm in height, with rounded anterior. The posterior side is inclined so that the periproct is visible from above ( Fig. 6 .C). The tallest point of the test is just behind the apical plates. A narrow peripetalous orthofasciole can be observed around the petals.
The apical disc, tetrabasal and ethmolytic, is off-centre and transversely wide (Figs. 7.D, 8; Table 1 ). Genital plate 4 is just in contact with the madreporite and well separated from genital plate 1 (e.g., specimen FPH-1955-I; see Fig. 5 .E). The posterior ocular plates are widely separated by the madreporite so that occasionally they go beyond the ocular plates and touch the other plates ( Fig. 7 .C, E).
The frontal ambulacrum is relatively broad and sunken. There are 35 rounded pore pairs with elevation raised surface between them ( Fig. 6 .C).
Petals are sunken, and almost closed at the end. There are 39 pore pairs in the anterior pair, 11 mm in length, and 30 pore pairs in the posterior petals, 8 mm in length. The petal pores are elongated and slit-like in both series.
The periproct is small and almost oval in outline and located longitudinally in an elevated position at the posterior end (Fig. 6.C) . This feature is well preserved in specimen FPH-1888-I ( The peristome is not preserved in specimen FPH -1890-I, but in FPH-1457-I a well-marked lip is visible around the peristome (Fig. 5.B COOKE, 1953 COOKE, , 1955 ; upper part of the Napo Series of Late Cretaceous age in Ecuador (COOKE, 1953 (COOKE, , 1955 ; Jandaíra Formation, Potiguar Basin (Turonian-Coniacian) (OLIVEIRA et al., 2013) ; and Cotinguiba Formation, Sergipe-Alagoas Basin (Turonian-Coniacian) in the present paper. 
Ontogenetic considerations
In the small specimen FPH-1891-I (16,2 mm), anterior and posterior petals are almost the same in size (Fig. 8) . The madreporite is located between genital plates 1 and 4, and is smaller than in other, larger specimens (Fig. 6.G) . In this small individual, ocular plates 1 and 5 are widely separated and the madreporite between them has only few pores (Fig. 7.A) . We believe that this condition was temporary and, with growth, the madreporite pores could have occupied this place. In madreporites of other specimens larger than 16 mm in test length, the pores occupy almost the entire plate. In specimen (FPH-1888-I; 21 mm) the anterior petals are slightly longer than the posterior ones (Table 1 ; Fig. 8 ), the apical system is laterally very wide and the madreporite is located between posterior genitals and ocular plates but does not go beyond these (Fig.  7.B) . In individuals larger than 21 mm in test length, the madreporite moves further away from the posterior ocular plates 1 and 5 (Fig. 7. C-E).
Ontogenetic differences observed in the specimens studied suggest a modification of the development of the apical system with growth. It is noted that changes occur in the madreporite, passing from an initial stage with more concentrated pores that became more evenly distributed in adult specimens. Additionally, it is noted that the position of the madreporite shifts progressively more posteriorly with growth, increasing the relative distance between ocular plates 1 and 5.
The number of pore pairs in ambulacrum III between the apical system and the fasciole was plotted against the test length (Fig. 8) 
Spatangoid occurrences in the SergipeAlagoas Basin
The Order Spatangoida accounts for a substantial portion of the Cretaceous echinoid fauna from the Sergipe-Alagoas Basin. Until now, representatives of this order were recorded from the Aptian-Albian (Riachuelo Formation) and Cenomanian-Coniacian interval (Cotinguiba Formation), although unidentifiable isolated fragments are commonly recovered from the Cenozoic section of this basin (Calumbi Formation). One extant species, Moira atropos, was recorded from Sergipe by MANSO et al. (2002) .
Echinoid distribution appears to be strongly linked to substrate type, because the larvae of these organisms can only develop when substrate conditions are favourable (SMITH, 1984) . Therefore, irregular echinoids, such as spatangoids, are restricted to certain environments, as they are morphologically adapted to burying themselves and feeding in very specific sediments (SMITH, 1984) .
The oldest spatangoid from the Sergipe-Alagoas Basin, Douvillaster benguelensis de LORIOL, 1888 (MANSO & SOUZA-LIMA, 2003a), now Macraster benguelensis (KROH, 2014) , was identified in the upper Aptian. Their tests exhibit evidence to suggest that they lived epifaunally in an anoxic-dysoxic environment (NEUMANN, 1996; MANSO & SOUZA-LIMA, 2003a; VILLIER et al., 2004; KAMYABI SHADAN et al., 2014) . Micraster (Epiaster) dartoni (COOKE, 1955) , now Epiaster dartoni, was recorded from the lower Albian. Their tests suggest they were semi-infaunal MANSO & SOUZA-LIMA, 2012; KROH, 2015) . Recorded from the Albian also were Hemiaster proclivus COTTEAU et al., 1878, with low depressed petals, and H. zululandensis BESAIRIE & LAMBERT, 1930 , with more deeply sunken petals and rounded tests, suggesting they were capable of burying themselves in arenaceous sediments close to the water/sediment interface . From the Cenomanian to Turonian, a new marine transgression occurred in the Sergipe-Alagoas Basin, with deposition of fine-grained sediments (marls and mudstones of the Cotinguiba Formation), and many species of the genus Mecaster appeared. The tests of this genus are adapted for living buried more deeply than the spatangoids from the Riachuelo Formation. Burial capacity involves modification in the disposition of fascioles, the number and disposition of the frontal ambulacral pores, the depth of petals and even the test layout (SMITH, 1984; KANAZAWA, 1992; SMITH & STOCKLEY, 2005) . The establishment of more specialised species for living in sediments can be related to the presence of predators in these palaeocommunities, and burial could have been a defence strategy. According to VER-MEIJ (1977) , during the Mesozoic modification of the structure of marine benthic communities occurred, caused by the diversification of the gastropods. Previously, gastropods were mainly grazers but, with morphological change, they acquired new feeding habits, becoming predators of other species. These molluscs rapidly diver-sified towards the end of the Cretaceous. In the sedimentary basins of northeastern Brazil the presence of carnivorous gastropods has previously been recorded, and has been considered in a global Cretaceous evolutionary context (ANDRADE & FÉLIX, 2012) . On the basis of the diverse record of the Order Spatangoida of the Sergipe-Alagoas Basin, a key is proposed for the identification of such echinoids from this basin; this may prove useful for group identification in other areas as well.
Discussion and conclusions
Mecaster texanus co-occurs with M. fourneli (DESHAYES in AGASSIZ & DESOR, 1847) at all localities studied. These species are very close, showing the same number of pore pairs in ambulacrum III. The main difference between them is the larger size of the madreporite plate in M. texanus in individuals of the same test size. Another difference concerns the peristome which is wider in M. fourneli than in M. texanus. BENGSTON, 1991) , who assessed other species of Mecaster of Cretaceous (Cenomanian-Coniacian) age in the Sergipe-Alagoas Basin, concluded that the density of pore pairs between the apical system and the fasciole in ambulacrum III exhibits a general increase through time. Thus, Cenomanian Mecaster batnensis has fewer pore pairs than Turonian M. africanus and Coniacian M. fourneli. This also appears to be true for M. texanus which has a similar number of pore pairs to M. fourneli from the Turonian-Coniacian of this basin.
SMITH (in SMITH &
Mecaster also exhibits a decrease in test roundness from the Cenomanian to the Turonian. In the Coniacian, the tests again display greater width (SMITH in SMITH & BENGTSON, 1991) .
Cretaceous spatangoids can be subdivided into two groups on the basis of the length of their even petals (ZOEKE, 1951) : those with long petals with many pore pairs and those with short petals (especially the posterior pair) with few pore pairs.
Identification key for species of the Order Spatangoida currently known from the SergipeAlagoas Basin and their stratigraphical occurrence. Regarding the size of even petals, and the number and arrangement of pores in the anterior ambulacrum in species of Mecaster from the Cretaceous of the Sergipe-Alagoas Basin, GUI-MARÃES (2016) observed that in the Turonian two distinct morphological groups co-occurred. The first, comprising M. batnensis and M. africanus, has narrow and open petals and fewer pores in ambulacrum III than their counterparts. The second group, formed by M. fourneli and M. texanus, exhibits closed petaloids, less rounded tests and a larger number of pores in ambulacrum III. In comparing these two groups with results obtained by NÉRAUDEAU and FLOQUET (1991) for the Upper Cretaceous of the Castilla and Navarra-Cantabria platforms of Spain, GUIMARÃES (2016) concluded that the species from the Sergipe-Alagoas Basin could have been distributed in a similar way during the Turonian. Mecaster fourneli and M. texanus would have occupied shallower environments on the inner platform where they would have buried themselves more deeply into the sediment. Mecaster batnensis and M. africanus would have preferred deeper areas but buried themselves more closely to the sediment/water interface. NÉRAUDEAU and FLOQUET (1991) also observed that the spatial distribution of echinoids reflected a palaeoecological control and that differences in depths in distinct geographic outcrops could be related to transgressive and regressive events.
Mecaster texanus and M. fourneli were recorded from the Sergipe-Alagoas Basin up to the Coniacian. From the Santonian onwards, a new trangressive event, possibly related to a climatic turnover, laid down siliciclastic strata (Calumbi Formation) over the previous carbonate platform in which these species of Mecaster probably could not survive.
